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In this Letter we present a new inﬂationary model composed of multiple scalar ﬁelds where each of
them has its own DBI action. We show that the dependence of the e-folding number and of the curvature
perturbation on the number of ﬁelds changes compared with the normal N-ﬂation model. Our model is
also quite different from the usual DBI N-ﬂation which is still based on one DBI action but involves many
moduli components. Some speciﬁc examples of our model have been analyzed.
© 2009 Elsevier B.V. Open access under CC BY license. Inﬂation naturally resolves the ﬂatness, homogeneity and pri-
mordial monopole problems of standard cosmology [1,2], and pre-
dicts a scale-invariant primordial perturbation spectrum consis-
tent with current cosmological observations [3] very well. It has
therefore become the prevalent paradigm to understand the initial
stage of our universe. However, an inﬂationary model with a sin-
gle scalar ﬁeld generally suffers from ﬁne tuning problems on the
parameters of its potential, such as the mass and coupling of this
ﬁeld.
It was ﬁrst noticed by Liddle et al. [4] that such limits can be
relaxed when a number of scalar ﬁelds are involved. In such mod-
els, many ﬁelds are able to work cooperatively to give a enough
long inﬂationary stage, even if none of them can sustain inﬂa-
tion separately. Models of this type have been considered later in
Refs. [5–8]. These analyses showed that both the e-folding number
N and the curvature perturbation ζ are approximately propor-
tional to the number of scalars N . Later, the model of N-ﬂation was
proposed by Dimopoulos et al. [9], which showed that a number
of axions predicted by string theory can give rise to a radiatively
stable inﬂationary period. This model has the possibility for an at-
tractive embedding of multi-ﬁeld inﬂation in string theory.
Over the past several years, based on the recent developments
in string theory, there have been many cosmological studies on
its applications to the early universe, especially to inﬂation. How-
ever, authors still often encounter ﬁne tuning and inconsistency
problems when they try to combine string theory with cosmol-
ogy. Examples include deﬁciencies in tachyon inﬂation as pointed
out by Kofman and Linde in Ref. [10], as well as the η-problem in
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Open access under CC BY license. slow-roll brane inﬂation as reviewed in Ref. [11]. It is usually sug-
gested that N-ﬂation is able to relax these issues and thus allow
plausible constructions of stringy cosmology. For instance, Piao et
al. have successfully applied the assisted inﬂation mechanism to
amend the problems of tachyon inﬂation [12]. There are also many
other works that have investigated multi-ﬁeld inﬂation models in
string-inspired cosmology, for example see Refs. [13–16].
A particularly interesting inﬂationary mode with a non-canon-
ical kinetic term inspired by string theory has recently attracted
signiﬁcant interest in the literature. This model is described by a
Dirac–Born–Infeld-like (DBI) action [17,18]. The inﬂationary model
with a single DBI ﬁeld was investigated in detail in Refs. [19–21].
In this model, a warping factor was applied to provide a speed
limit which keeps the inﬂaton near the top of a potential even if
the potential is steep. DBI inﬂation therefore opens a up a range of
inﬂationary models which do not necessitate a ﬂat potential.
In this Letter, we study a multi-ﬁeld inﬂationary model, where
each ﬁeld is described by a DBI action and the total action is con-
structed by the sum of them. Therefore, it is worth emphasizing
that our model is different from the usual DBI N-ﬂation in which
multiple moduli ﬁelds are involved in a single DBI action [22–25].
In contrast, a multiple-DBI action can be achieved if we consider
a number of D3-branes in a background metric ﬁeld with negli-
gible covariant derivatives of ﬁeld strengths and we assume that
these branes are decoupled from others. In addition, we neglect
the backreaction of those branes on the background geometry, as
is standard in brane inﬂation models. In this scenario, the scalars
are able to work cooperatively like those in usual N-ﬂation mod-
els. However, since their kinetic terms are of non-canonical form,
the cumulative effect from multiple ﬁelds does not grow in linear
form. From our analysis, the e-folding number N is no longer pro-
portional to N , but rather to
√
N . Furthermore, the curvature per-
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of this type shows quite different features from those in the usual
N-ﬂation model.
Our model is given by the following action
S =
∫
d4x
√−g
[∑
I
P I (XI , φI )
]
, (1)
which involves N scalar ﬁelds, with
P I (XI , φI ) = 1
f (φI)
[
1−√1− 2 f (φI)XI ]− V I (φI ), (2)
and we have deﬁned XI ≡ − 12 gμν∂μφI∂νφI . The metric signature
we use in this Letter is (−,+,+,+). This model involves multiple
DBI-type actions which give the effective description of D-brane
dynamics (for example see Refs. [18,26]). Considering a system
constructed by a number of D3-branes in a background metric
ﬁeld with negligible covariant derivatives of the ﬁeld strengths and
assuming that these branes are decoupled from each other, this
system could be described by the above action whose stringy ori-
gin is shown in Ref. [27].
Here the scalar φI is interpreted as the position of the I-th
brane, and the warping factor f (φI ) = λ
φ4I
is suitable for all scalars
when we take an AdS-like throat and neglect the backreaction of
the branes upon the background geometry. This assumption can
be satisﬁed when the contribution of the background ﬂux is much
larger than that from the branes.1
We now deﬁne a series of useful parameters (i.e. the sound
speeds), for the scalars
csI ≡
√
1− 2 f (φI )XI , (3)
which lead to interesting features of the model. We assume spatial
homogeneity and isotropy, i.e. take a ﬂat Friedmann–Robertson–
Walker metric ansatz ds2 = −dt2 + a2 dxi dxi , where a(t) is the
scale factor of the universe. Then Eq. (3) yields
|φ˙I | = φ2I
(
1− c2sI
λ
) 1
2
. (4)
If csI ∼ 1, this model returns to the slow-roll version. However, if
csI ∼ 0, then |φ˙I |  φ2I /
√
λ, and in this case there is an interesting
relation for all the scalars:
φ−1I =
t√
λ
, (5)
which means that for a ﬁxed time interval t , the variations of
φ−1I for all the scalar ﬁelds are identical.
By varying with respect to the scalar, we obtain the equations
of motion:
φ¨I + 3Hφ˙I − c˙sI
csI
φ˙I − csI P I,I = 0, (6)
where “,” denotes the derivative with respect to the scalar φI , and
H is the Hubble parameter deﬁned as a˙/a.
As an example, we focus on the case of IR type potential
V I = V0I − 1
2
m2I φ
2
I . (7)
1 One should be aware of the fact that single ﬁeld DBI inﬂation often suffers from
a backreaction problem for the relativistic brane in the throat, and so cannot pro-
vide enough long inﬂationary stage, as shown in Refs. [19,22]. To circumvent this
problem, one has to ﬁnely tune the precise shape of the potential and the resulting
model is rather delicate [28]. It is still an open question to construct a fully real-
istic model of inﬂation in string theory, but does not affect our phenomenological
interests.The ﬁrst part of the potential V0I comes from the anti-brane ten-
sion from another throat. In IR DBI inﬂation, D-branes roll from the
tip of the throat, thus the potential contains tachyonic terms. We
will assume sI ≡ c˙sIHcsI to be small numbers for simplicity, and take
the normalization 8πG = 1. Due to the warping factor f (φI ), those
scalars are able to stay near the top of their potentials, and so we
have H2  13
∑
I V0I . These assumptions are consistent with Eq. (6)
for a single ﬁeld as shown in [21]. In the following we will exam-
ine the background in detail to prove that this consistency can be
generalized to the case of multiple ﬁelds.
In our model the total Lagrangian is a sum of a number of DBI
Lagrangians. Each of these is constructed from a single scalar ﬁeld
which has its own distinct speed of sound. We therefore have N
sound speeds, and so can rewrite Eq. (6) as follows,
d
dt
(
φ˙I
csI
)
+ 3H φ˙I
csI
+ f,I
f 2
(1− csI ) − f,I φ˙
2
I
2 f csI
+ V ,I = 0. (8)
In the relativistic limit of the scalars we have an ansatz solu-
tion [21],
φI = −
√
λ
t
(
1− αI
(−t)pI + · · ·
)
, (9)
where we set t → −∞ at the beginning of inﬂation. Therefore,
upon inserting the ansatz into the above equation, we ﬁnd the
leading terms in Eq. (8) come from the term:
3H
√
λ
√
2αI (pI − 1)(−t)2−
pI
2
(10)
and the potential term which is equal to:
√
λm2I
t
. (11)
The others are suppressed by 1Ht which is negligible in inﬂation
(where |Ht| 	 1 or equivalently φI 

√
λH). This requirement is
consistent with the assumption that the scalars lie on the top of
potential during inﬂation. Finally, by matching the leading terms,
we get pI = 2 and αI = 9H22m4I , and so the solutions of the scalars are
given by
φI = −
√
λ
t
(
1− 9H
2
2m4I t
2
+ · · ·
)
. (12)
Making use of the solutions, we can see all the approximations are
consistent with the equations of motion. Moreover, from the solu-
tions we directly see that the variations of scalars are consistent
with Eq. (5).
Applying the relation (5), the e-folding number of this multiple
ﬁeld inﬂation model can be evaluated as follows:
N ≡
f∫
i
H dt 
√
λ
3
∑
I
V0I
〈
1
φi
− 1
φ f
〉
 √N
√
λ
3
〈V0〉
〈
1
φi
〉
, (13)
under the assumption csI ∼ 0. Here we deﬁne 〈O〉 = (∑I OI )/N ,
the average value of the variables OI , and the subscript “i” and “ f ”
represent the initial and ﬁnal state respectively. Since in IR-type
models the scalars start rolling from the top of their potentials,2
we have φi 
 φ f , and we can neglect the contribution of φ f
2 The initial condition of inﬂation is essential; this was analyzed in [29,30].
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e-folding number in the multiple-DBI model is proportional to the
square root of the number of scalars, i.e.
N ∝ √N. (14)
This result is completely different from what was obtained in slow-
roll N-ﬂation which gives N ∝ N . This difference shows that in
the inﬂationary model constructed by multiple DBI terms, although
the ﬁelds work cooperatively, the cumulative effect from multiple
ﬁelds does not grow linearly. This results in very interesting phe-
nomenological effects which shall be examined next.
We now investigate the curvature perturbation of N-ﬂation con-
structed by multiple DBIs. In the calculation, we use the Sasaki–
Stewart formalism [31], in which the curvature perturbation on co-
moving slices can be expressed as the ﬂuctuation of the e-folding
number and thus can be given in terms of ﬂuctuations of scalar
ﬁelds δφI = H2π on ﬂat slices after horizon crossing. It is given by
P
1
2
ζ =
√∑
I J
N,IN, J
〈|δφIδφ J |〉
 N 32
√
λ
6π
〈V0〉
√〈
φ−4
〉
, (15)
where we have applied the general relation N,I = Hφ˙I . This result is
consistent with single DBI inﬂation model when N = 1, but if one
introduces more ﬁelds, P1/2ζ grows proportional to N
3
2 , which is
more rapid than that obtained in normal N-ﬂation (for example see
Refs. [9,32] along with references therein). From Eqs. (13) and (15),
we can establish the relation between the curvature perturbation
and the e-folding number as follows,
Pζ = N
4N
4π2λ
〈φ−4〉
〈φ−1〉4 . (16)
Moreover, for a set of the above uncoupled ﬁelds, we can derive
the spectral index as follows,
ns − 1≡ d ln Pζ
d lnk
 −2 −
∑
I (sI + ηI )/(csI2I )∑
J 1/(cs J
2
J )
, (17)
where we have deﬁned the slow-roll parameters  ≡ − H˙
H2
, I ≡
φ˙I√
2csI H
, and ηI ≡ 2 ˙II H . When there is only one scalar ﬁeld,
the above spectral index returns to the standard form of sin-
gle DBI model [33]. Note that there is a relation  = ∑I 2I ∑
I
3φ4I
2csIλ
/
∑
J V0I , and this quantity can be very small when λ is
taken to be suﬃciently large. If  
 1, each positive component I
becomes negligible automatically. Explicitly, for the case of IR-type
potentials we are considering, the spectral index can be given by
ns − 1 − 4N
〈φ−1〉〈φ−3〉
〈φ−4〉 . (18)
Although it is hard to judge in general whether the spectral index
of our model is redder or bluer than that of its corresponding sin-
gle scalar model, this may be determined in certain limiting cases.
For example, the spectral index coincides with that of the corre-
sponding single ﬁeld model when all the scalars at the horizon-
crossing time have the same value φI = φ0.
Now let us consider some speciﬁc examples of this model. The
simplest case is to choose all the scalars to have the same value:
φI = φ0 for I = 1, . . . ,N . Therefore we obtain
Pζ = N
4N
2
, ns = 1− 4 . (19)
4π λ NFig. 1. ns as the function of the e-folding number N for different values of the
variable x (≡ N · Δ/φ0). The black solid line denotes the spectral index in the ﬁrst
case when all the scalars have the same value at horizon-crossing; the red dashed
line denotes the spectral index in the second case with x = 10; the orange dotted
line x = 50; the blue dash-dotted line x = 100. (For interpretation of the references
to color in this ﬁgure legend, the reader is referred to the web version of this Letter.)
As is known, we need the e-folding number for inﬂation N  60
to explain the present-day ﬂatness of our universe. From the above
equation, one can easily obtain a scale-invariant spectrum with
an amplitude of order O(10−9) (required by cosmological obser-
vations, such as Ref. [3]) if λ/N ∼ 1014.
Another interesting example is φI = φ0 + I · Δ for I = 1, . . . ,N .
In order to make this case quite different from the ﬁrst one, we
assume φ0 	 Δ but N ·Δ 	 φ0. To solve this system, we apply the
useful expression
〈
φ−l
〉= (−)l ψ(l−1)(1+ φ0Δ ) − ψ(l−1)(1+ φ0Δ + N)
(l − 1)!ΔlN , (20)
where ψ l(z) is the l-th derivative of the digamma function
ψ(z) ≡ ′(z)/(z). We can use the Stirling formula to simplify
the digamma function as ψ(z)  ln z − 12z when z is large enough.
Accordingly, we obtain the results
Pζ  N
4N
4π2λ
x3
3(ln x)4
, ns  1− 6N
ln x
x
, (21)
with x ≡ (N · Δ)/φ0 in this case. From Eq. (21), for a given the
e-folding number N , one can ﬁnd that the tilt of the spectral index
in the multiple-DBI model is strongly suppressed by the variable x.
The dependence of ns on the e-folding number N for different
values of the variable x is plotted in Fig. 1. From the ﬁgure, we
can see that the spectrum of the multiple-DBI model is generally
closer to scale-invariance when x is larger.
Inﬂation with multiple ﬁelds avoids some diﬃculties of single
ﬁeld inﬂation models, and so is regarded as an attractive imple-
mentation of inﬂation. In recent years, there have been a number
of works studying this, such as Refs. [34–38], and there is a good
review on this ﬁeld Ref. [39]. In this Letter, we have presented a
new N-ﬂation model in which a collection of DBI ﬁelds drives in-
ﬂation simultaneously.3 These scalars possess non-standard kinetic
terms, and so some non-linear information is involved when we
3 The action of this model is similar to the ones considered in Refs. [12,40],
but with different motivations. Our model is also different from those appeared
in [41,42] concerning both motivations and detailed examples.
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For example, the e-folding number of this model is no longer pro-
portional to the number of scalars, but rather to its square root,
as shown in Eq. (13). In the detailed calculation, we considered
a tachyonic potential and speciﬁcally chose two different cases. In
the ﬁrst case, we took all the scalars to have the same value at the
horizon-crossing time, and the spectral index in this case coincides
with that in the single DBI model; while in the second case, we
assumed that the collection of the scalars at the horizon-crossing
time is an arithmetic progression, and we found that the spectral
index becomes closer to 1 if the height of this progression is much
larger than the value of the ﬁrst scalar.
We should note that in this Letter we merely studied the adi-
abatic perturbations during inﬂation. However, in a model with a
number of scalars involved, there should be entropy perturbations
generated during inﬂation. In particular, when the kinetic terms
are of non-linear form, the dispersion relations for entropy modes
are modiﬁed. If they contribute to curvature perturbation at late
times, they may lead to new features. Namely, a large local type
non-Gaussianity, which is diﬃcult to obtain in usual inﬂation mod-
els [33], could be obtained in a model of DBI-curvaton as proposed
in Ref. [43]. One source of entropy perturbation is the correla-
tion of different ﬁeld ﬂuctuations [24,41]. However, in our model,
the propagations for the ﬁeld ﬂuctuations are quite independent of
others. Consequently, the contribution of correlations among ﬁeld
ﬂuctuations is subdominant. In this case, the treatment given in
the current Letter is quite reliable. A more detailed study is per-
formed in Ref. [44].
Finally, we would like to highlight the importance of the
present study. As is known, in most of current inﬂation models,
the propagation of perturbations is characterized by a single sound
speed. In slow roll inﬂation, this sound speed is exactly the speed
of light, while for DBI inﬂation it can be smaller than unity. How-
ever, from the well established perturbation theory at late times of
the cosmological evolution, plentiful phenomena, such as baryon
acoustic oscillation, dark energy perturbations, and the formation
of large scale structure, etc., are based on the existence of multiple
components, each of which has its own sound speed. It therefore
seems pertinent to ask, what would happen if we have a number
of sound speeds in the very early universe? As shown in this Letter
and [44], potential phenomenological results include unusual con-
sistency relations, variation of the scalar spectral index, and large
local non-Gaussianity. Therefore, the consideration of inﬂationary
models with multiple sound speeds is rather robust and useful.
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